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INTRODUCTION 

Hard  white  winter  wheat.  The  development  of  hard  white  winter  wheat 
(Triticum  aestivum  L.)  as  an  alternative  to  hard  red  winter  wheat  has  been 
an  ongoing  project  at  Kansas  State  University  for  several  years  and  is 
occurring  within  the  private  wheat  breeding  sector  as  well.  Like  the  hard 
red  wheat  predominant  in  Kansas,  hard  white  wheat  produces  flour  to  be 
used  in  baking  breads.  However,  hard  white  wheat  lacks  the  seed  coat 
pigmentation  present  in  hard  red  types.  This  leads  to  differences  in 
milling,  baking,  and  final  product  properties  that  can  be  preferable  to 
those  of  hard  red  wheat. 

These  possible  advantages  include  a  higher  flour  extraction  rate, 
greater  flour  protein  content,  more  favorable  appearance  of  whole -wheat 
baked  products,  and  more  valuable  bran  (3).  These  traits  and  others  have 
led  to  a  preference  for  hard  white  over  hard  red  wheat  by  some  nations 
importing  wheat  from  the  United  States. 

Other  than  a  greater  susceptibility  to  preharvest  sprouting,  there 
appear  to  be  no  agronomic  barriers  to  the  development  and  production  of 
high  yielding  hard  white  winter  wheats  in  the  U.S.  Great  Plains.  The 
predominance  of  hard  red  wheat  in  the  region,  where  much  of  the  wheat  is 
destined  for  the  export  market,  has  been  attributed  to  the  introduction 
of  'Turkey  Red'  wheat  into  Kansas  in  the  1870's.  The  success  of  Turkey 
Red  led  to  red  wheat  becoming  the  standard,  a  situation  which  persists  to 
this  day.  However,  current  wheat  use  patterns  indicate  that  precedence, 
more  than  the  marketplace,  has  kept  this  standard  in  place  (4,8). 

In  recent  years  Kansas  has  averaged  more  than  5,000,000  ha  of  wheat 
planted  annually,  virtually  all  hard  red  winter  wheat.     If  a  significant 
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share  of  this  production  is  shifted  to  hard  white  wheat,  there  may  be 
benefits  to  growers,  millers,  bakers,  and  exporters;  all  of  which  are 
important  to  the  state  of  Kansas. 

This  transition  is  likely  to  depend  upon  several  factors,  such  as 
classification  of  the  grain  and  a  marketing  system  that  can  maintain  hard 
white  wheat  as  a  separate  entity  from  hard  red.  It  seems  likely  that 
wheat  growers  will  shift  production  more  quickly  and  more  easily  if  no 
changes  in  agronomic  production  practices  are  required.  This  would 
include  factors  such  as  tillage  and  seeding,  fertilization,  and  weed 
control . 

Herbicides.  Weed  control  is  an  important  part  of  winter  wheat  production 
in  Kansas  and  the  use  of  herbicides  is  often  part  of  a  sound  weed  control 
program.  Clearly  then,  if  hard  white  wheat  is  to  become  an  important  part 
of  Kansas  agriculture,  adequate  weed  control,  which  sometimes  requires  the 
use  of  herbicides,  will  be  required. 

The  objectives  of  this  study  were  to  determine  the  response  of  four 
diverse  hard  white  winter  wheat  genotypes  to  nine  herbicides  used  in 
Kansas  wheat  production.  Two  hard  red  wheats  were  included,  as  well  as 
a  no  herbicide  treatment  check.  Specific  objectives  included  identifying 
any  herbicide  sensitivities  exhibited  by  the  white  genotypes  and  analyzing 
yield  components  to  determine  the  source  of  any  yield  reductions  that 
occur.  Studies  have  often  found  that  wheat  herbicide  injury  is  better 
quantified  with  yield  components  than  actual  yield  because  of  compensation 
among  the  yield  components  (2,5,9). 

Researchers  using  some  of  these  same  herbicides  and  red  wheat  cultivars 
have    sometimes    reported    significant    herbicide    treatment    by  cultivar 


interactions  (5,7,9).  Also,  differential  wheat  cultivar  tolerance  to 
metribuzin  (4-Amino-6- (1 . 1-dimethylethyl) -3- (methylthio) -1 , 2 ,4-triazin- 
5(4H-one)  (6)  and  chlorsulfuron  (2-Chloro-N- [ (4-methoxy-6-methyl-l , 3 , 5- 
triazin-2-yl)  (1)  have  been  reported  in  the  region.  For  this  reason,  it 
is  necessary  to  avoid  attributing  differential  herbicide  tolerance  to  seed 
coat  pigmentation  rather  than  conventional  genotype  differences. 

MATERIALS  AND  METHODS 

Field  studies  were  initiated  at  the  Ashland  Research  Farm  of  Kansas 
State  University,  near  Manhattan,  Kansas,  and  the  Hays  Experiment  Station, 
in  western  Kansas,  in  1987  and  1988.  The  studies  at  Hays  were  lost  to 
wind  erosion  and  drought  the  first  and  second  year,  respectively,  and  no 
data  were  collected  from  that  site.  The  Manhattan  site  was  on  a  Muir  silt 
loam  soil  (fine-silty,  mixed,  mesic,  Pachic  Hapulstoll)  with  2.3%  organic 
matter  and  pH  5.9. 

The  six  wheat  genotypes  used  included  four  hard  white  and  two 
conventional  hard  red  wheats.  The  hard  white  wheats  included  'KS84HW196' , 
developed  at  the  Hays  Experiment  Station  of  Kansas  State  University,  and 
'Rio  Blanco',  from  Agripro  Seed  Company.  'KS73256'  is  a  hard  white  line 
developed  by  Kansas  State  University  and  has  the  same  parentage  as  the 
hard  red  cultivar  'Newton' .  It  is  no  longer  under  active  development. 
'White  Chief  is  a  selection  from  'Red  Chief  ,  which  was  privately 
developed  and  widely  grown  in  Kansas  in  the  1930's.  The  hard  red  wheat 
cultivars  were  'Arkan'  and  'TAM  108'.  Descriptions  of  the  genotypes  are 
summarized  in  table  1. 

Eight  of  the  nine  herbicides  were  currently  registered  for  use  on  wheat 

3 


in  Kansas  and  the  ninth  had  been  evaluated  as  an  experimental  compound  at 
this  site  for  several  years.  Two  preplant  incorporated  products,  diclofop 
(methyl  2- [4- (2 , 4-dichlorophenoxy)  phenoxy] propanoate)  and  triallate  [S- 
( 2 , 3 , 3 - Tr ichloroallyl ) - di isopropy 1 thiocarbamate ] )  were  used. 
Postemergence  herbicides  used  were  2,4-D  ester  (2 ,4-dichlorophenoxyacetic 
acid),  dicamba  (3 , 6-dichloro-o-anisic  acid),  MCPA  ester  (2-methyl-4- 
chlorophenoxyacetic  acid)  ,  bromoxynil  (3-5-dibromo-4-hydroxybenzonitrile)  , 
chlorsulfuron,  metribuzin,  and  SMY  1500  ( [4-amino-6- (1 , ldimethylethyl) -3- 
(ethylthio) -1 , 2 ,4-triazin-5(4H) -one) .  SMY  1500  is  an  experimental 
compound  from  Mobay  Chemical  Company  and  had  not  yet  been  approved  for 
use  on  wheat  in  Kansas.  All  products  were  applied  in  accordance  with 
current  label  directions  and  in  a  system  representative  of  farmer's 
practices  across  the  state.  Metribuzin  was  scheduled  to  be  applied  as  a 
fall  postemergence  treatment  in  1987,  but  poor  fall  conditions  prevented 
the  crop  from  reaching  the  growth  stage  required  by  the  product  label. 
Application  was  delayed  until  spring,  when  all  label  requirements  were 
met.  No  combinations  of  more  than  one  herbicide  were  used  and  no 
adjuvants  were  applied. 

Experimental  design  was  a  randomized  complete  block  with  four 
replications  utilizing  six  wheat  genotypes  and  ten  herbicide  treatments. 
Plot  size  was  1.52  by  9.14  m  and  consisted  of  six  drill  rows  25.4  cm 
apart.  Fertilizer  was  preplant  incorporated  as  a  blend  of  ammonium  nitrate 
and  diammonium  phosphate  to  total  99-88-0  kg  ha"1  N-P^-KjO  the  first  year 
and  101-68-0  kg  ha"1    N-P205-K20     the  second  year. 

Wheat  was  drilled  into  weed-free  seedbeds  with  a  double-disc  opener 
grain    drill    on    7    October    1987    and    3    October    1988.       All  herbicide 
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treatments  were  applied  with  a  tractor-mounted  compressed-air  sprayer 
delivering  187  L  ha"1  of  water  as  carrier.  Propiconazole  (trade  name 
Tilt;  1- [ {2-(2,4-dichlorophenyl) -4-propyl-l , 3-dioxalan-2-yl}methyl] -1H- 
1 , 2 ,4- triazole)  fungicide  was  applied  each  spring,  but  disease  levels  were 
minimal  both  years . 

Table  2  presents  precipitation  amounts  and  mean  temperatures  for  the  two 
growing  seasons,  including  the  month  preceding  planting.  Year  one  (Sept., 
1987  -  June,  1988)  was  somewhat  drier  than  normal  with  51.51  cm,  or  79.2% 
of  average  for  that  period.  However,  year  two  (Sept. ,  1988  -  June,  1989) 
was  one  of  the  driest  periods  ever  in  the  area,  with  33.06  cm,  or  50.8% 
of  the  average  for  that  period.  In  addition,  a  temperature  shift  on  31 
January  and  1  February,  1989,  led  to  near  total  necrosis  of  all  above- 
ground  plant  parts  as  temperatures  fell  from  22.2°C  to  -10. 3°  C  in  16 
hours . 

Plots  were  harvested  with  a  modified  Gleaner  E  combine.  Grain  moisture 
and  test  weight  were  obtained  with  an  electronic  grain  tester,  and  yields 
were  converted  to  12.5%  moisture.  Kernels  per  spike  and  kernel  weight 
were  determined  by  hand  harvesting  20  random  spikes  from  each  plot  shortly 
before  harvest.  These  spikes  were  threshed  in  a  small  head  thresher  and 
grain  weight  and  kernel  count  were  recorded.  Kernel  counts  were  divided 
by  20  to  find  kernels  per  spike  and  grain  weight  was  divided  by  kernel 
count  to  find  weight  per  kernel. 

All  data  were  analyzed  using  analysis  of  variance.  Each  response  was 
analyzed  for  significance  of  genotype,  treatment,  and  genotype  by 
treatment  interaction.  Factors  with  no  significant  year  effect  were  not 
averaged  over  years  because  of  a  decrease  in  significance  versus  analysis 
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within  years.  Means  of  significant  responses  were  separated  using  Fishers 
protected  LSD  test  at  the  5%  level. 

RESULTS  AND  DISCUSSION 
All  responses  examined  were  highly  significant  for  genotype  both  years  of 
the  study.  Genotype  effects  included  genotype  by  year  interactions  for 
some  responses.  One  of  these  is  shown  by  Table  3  which  presents  grain 
yield,  test  weight,  and  moisture  content  by  genotype.  White  Chief,  by  far 
the  oldest  genotype  in  the  experiment,  yielded  significantly  less  than  all 
other  genotypes  the  first  year.  The  second  year,  however,  only  one 
genotype  yielded  significantly  more  than  White  Chief.  This  was  likely  due 
to  the  late  maturing  White  Chief  benefiting  more  from  late  season  rainfall 
the  second  year,  relative  to  the  earlier  maturing  genotypes.  Discussion 
of  results  will  emphasize  those  factors  with  significant  treatment  main 
effects  or  genotype  by  treatment  interactions. 

Yield,  test  weight,  and  moisture.  Grain  yield,  test  weight,  and  moisture 
content  ranged  widely  between  the  two  years  but  had  no  significant 
treatment  effect  or  genotype  interaction  either  year.  Mean  values  are 
presented  in  Table  4  by  year  and  genotype. 

Yield  components.  Number  of  spikes  per  meter  of  row  was  significant  for 
treatment  in  1989  at  the  P=0.07  level  but  had  no  genotype  interaction. 
This  indicates  the  herbicide  effect  was  consistent  across  the  different 
genotypes.  Dicamba,  metribuzin,  bromoxynil,  and  2,4-D  ester  significantly 
reduced  spike  number  per  meter  (Table  5) . 

Number  of  kernels  per  spike  was  significant  for  treatment  but  not 
treatment    by    genotype    interaction    in    1988.       Chlorsulfuron,  dicamba, 
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metribuzin,  diclofop,  and  no  treatment  each  had  a  reduced  kernel  number 
per  spike,  possibly  reflecting  greater  spike  density.  Kernel  weight  was 
highly  significant  for  genotype  but  not  treatment  or  genotype  by  treatment 
interaction  either  year. 

Grain  weight  per  spike,  the  product  of  kernel  weight  and  kernels  per 
spike,  was  significant  for  treatment  at  the  P=0.06  level  in  1989  and  had 
a  genotype  by  treatment  interaction  that  was  significant  at  P=0.10.  Means 
listed  by  genotype  and  treatment  (Table  6)  indicate  the  interaction 
appears  across  all  genotypes,  including  the  hard  red  wheats,  and  does  not 
appear  to  be  related  to  seed  coat  pigmentation.  Although  treatment  effect 
was  not  significant  in  year  one  of  the  study,  comparison  of  the  data 
reveals  no  trend  matching  the  interaction  of  year  two. 

Overall,  the  study  identified  no  sensitivities  to  herbicide  treatment 
that  could  be  related  to  wheat  seed  coat  pigmentation.  The  difference  in 
which  yield  component  expressed  herbicide  effect  the  two  years  of  the 
study  might  be  due  to  incongruous  weather  patterns  the  two  growing 
seasons . 

In  year  one,  a  relatively  normal  wheat  growing  season,  the  only 
herbicide  treatment  effect  was  on  kernels  per  spike  and  there  was  no 
genotype  interaction,  indicating  the  effect  was  consistent  across  the 
different  wheats.  In  year  two,  the  plot  area  was  exposed  to  severe  cold 
injury  and  prolonged  drought  stress,  especially  late  in  the  season.  These 
factors  lowered  yields  and  likely  reduced  the  plant's  ability  to 
compensate  for  any  herbicide  injury.  Under  those  conditions,  herbicide 
treatment  affected  total  grain  yield  per  spike  but  not  kernel  number  per 
spike  or  kernel  weight  individually.    This  effect  on  grain  yield  per  spike 
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varied  among  the  wheat  genotypes,  as  shown  by  the  marginally  significant 
treatment  by  genotype  interaction.  This  suggests  that  differential 
tolerance  is  most  likely  to  be  a  factor  when  compounded  by  other  stresses. 

Published  reports  on  differential  wheat  cultivar  response  to  herbicides 
are  complicated  by  the  interactions  of  various  wheat  types,  (e.g.  spring 
vs.  winter)  herbicide  modes  of  action,  herbicide  rates,  and  application 
timings.  This  has  prevented  the  formation  of  a  clear  concensus  on  what 
factor  or  combination  of  factors  is  most  important  in  predicting  and 
managing  differential  wheat  tolerance  of  herbicides. 

The  determination  of  which  yield  component  best  measures  wheat  herbicide 
injury  has  been  known  to  vary  with  crop  growth  stage  and  herbicide 
application  timing.  These  results  indicate  the  incidence  of  additional 
stress  factors,  such  as  drought  and  cold  injury,  is  also  a  factor  in  the 
expression  of  herbicide  injury  upon  wheat  yield  components.  As  with 
herbicide  type  and  rate,  drought  and  cold  injury  effects  on  yield 
components  will  likely  vary  with  the  timing  of  the  additional  stresses  in 
relation  to  crop  development. 

Further  studies  are  likely  to  be  most  productive  if  experiments  are 
restricted  to  herbicides  known  to  bring  out  differential  genotype 
response.  Once  a  better  understanding  of  the  interactions  with  crop 
growth  stage  and  herbicide  application  timing  are  achieved,  additional 
environmental  stress  factors  can  be  introduced  and  analyzed. 
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Table  2.  Summary  of  weather  data  for  winter  wheat  growing  seasons  at 
Manhattan,  Kansas.  Year  1  =  September,  1987  -  June,  1988;  Year  2  =  Sept., 
1988  -  June,  1989. 

  precipitation     mean  monthly  temp.  

Month  Normal3      Year  1.       Year  2.  Normal3      Year  1.      Year  2. 


(cm) 

CO 

September 

10 

.26 

3.63 

4 

72 

20 

7 

20.4 

21 

9 

October 

7 

34 

6.93 

1 

42 

14 

6 

12.3 

12 

3 

November 

3 

71 

6.93 

2 

54 

6 

3 

8.2 

8 

3 

December 

2 

31 

2.74 

0 

58 

0 

4 

2.1 

2 

7 

January 

2 

11 

0.76 

2 

29 

-2 

7 

-2.4 

3 

5 

February 

2 

11 

1.30 

1 

96 

0 

7 

-0.8 

-4 

6 

March 

5 

28 

1.32 

4 

29 

5 

8 

7.1 

7 

8 

April 

7 

09 

13.03 

1 

14 

13 

1 

12.4 

15 

9 

May 

11 

43 

5.77 

5 

61 

18 

6 

20.8 

19 

0 

June 

13 

43 

9.14 

8 

51 

23 

7 

25.8 

22 

6 

Total 

65 

07 

51.56b 

33 

07c 

3Normal  values  are  long  term  means  based  on  1951-80  data. 

bTotal  is  79.2%  of  average  accumulated  precipitation  for  that  period. 

cTotal  is  50.8%  of  average  accumulated  precipitation  for  that  period. 
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Table  3.  Mean  values  of  grain  yield,  moisture,  and  test  weight  of  six 
hard  winter  wheat  genotypes  by  year. 


Genotype 

Yield 

---1988-- 
Test  Wt. 

Moisture 

Yield 

---1989-- 
Test  Wt. 

Moisture 

(kg/ha) 

(kg/m3) 

(%) 

(kg. ha) 

(kg/m3) 

(%) 

Arkan 

3020 

788 

8 

1 

1920 

712 

10.8 

KS84HW196 

2290 

777 

8 

1 

2270 

713 

12.3 

KS73256 

2750 

776 

8 

1 

1660 

695 

11.3 

Rio  Blanco 

3570 

808 

8 

4 

2070 

723 

11.5 

TAM  108 

3760 

766 

8 

2 

2620 

704 

11.3 

White  Chief 

1780 

788 

8 

3 

2170 

728 

12.4 

Mean 

2860 

784 

8 

2 

2120 

713 

11.6 

LSD  (.05) 

190 

7.7 

0 

16 

185 

2.9 

0.42 

c.v. 

15.1% 

2.2% 

4 

5% 

19.7% 

0.9% 

8.3% 
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Table  4.  Spikes  per  meter  of  row  (1989)  and  kernels  per  spike  (1988)  of 
winter  wheat  in  response  to  10  herbicide  treatments  averaged  across  six 
wheat  genotypes . 


Treatment 

Rate 

Spikes/meter 

Kernels/spike 

(kg/ha) 

(no.) 

(no.) 

Bromoxynil 

0 

.56 

66.8 

20.1 

Chlorsulfuron 

0 

0175 

74.9 

19.0 

Dicamba 

0 

,  14 

67.7 

18.9 

Diclof op 

1. 

12 

73.3 

18.8 

0 

56 

If.  T 

f  u  .  J 

zu.u 

Metribuzin 

0 

56 

67.4 

18.8 

SMY-1500 

1. 

68 

71.4 

19.7 

2,4-D  Ester 

0. 

56 

64.8 

19.5 

Triallate 

1. 

68 

71.9 

20.5 

Untreated 

70.9 

18.4 

Mean 

70.5 

19.4 

LSD  (0.05) 

7.86 

1.36 

C.V. 

19.6% 

12.3% 
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APPENDIX 
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LITERATURE  REVIEW 


Studies  investigating  the  response  of  various  wheat  (Triticum  aestivum 
L. )  genotypes  to  treatment  with  chemical  herbicides  originated  shortly 
after  the  introduction  of  2,4-D  in  the  late  1940's.  Several  of  these 
studies  also  dealt  with  application  of  2,4-D  at  various  growth  stages, 
including  fall  treatments  of  winter  wheat  which  have  been  determined  to 
cause  too  much  crop  injury  for  general  use  (6,17,20).  Woestemeyer  (34) 
in  Kansas,  and  Elder  (9)  in  Oklahoma  both  reported  in  1949  on  trials  which 
applied  three  formulations  of  2,4-D  at  0.84  kg  ha'1  to  several  hard  red 
winter  wheat  cultivars .  Both  studies  included  applications  at  early  fall 
tiller,  spring  full  tiller,  boot,  and  dough  stages.  Elder  reported  both 
timing  and  formulation  were  significant  for  yield  but  all  cultivars 
responded  very  much  alike.  Woestemeyer  reported  significant  yield 
reductions  with  fall  treatments  but  no  distinct  difference  in  cultivar 
response.  That  same  year  Slife  (30)  in  Illinois  reported  on  a  study  with 
application  of  2,4-D  amine  at  four  rates  from  0.37  to  2.99  kg  ha"1  at  one 
fall  and  two  spring  growth  stages  to  eight  winter  wheat  cultivars.  Again 
significant  yield  reductions  were  found  with  fall  applications  of  2,4-D 
but  no  differences  were  observed  among  cultivars. 

Some  early  work  in  this  field  did  reveal  differences  among  wheat 
genotypes  treated  with  2,4-D.  Phillips  (22)  reported  on  work  in  Kansas 
treating  seven  hard  red  winter  wheat  cultivars  with  three  formulations  of 
2,4-D  at  0.84  kg  ha"1.  Two  spring  growth  stages,  early  jointing  and  late 
boot,  were  treated.     Growth  stage  and  formulation  main  effects  were  not 
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significant  for  yield  but  a  significant  growth  stage  by  cultivar 
interaction  was  found.  Phillips  reported  this  may  indicate  genotypic 
differentiation  at  various  growth  stages  for  yield.  Shaw  (29),  working 
with  six  soft  winter  wheat  cultivars  in  Ohio  reported  on  application  of 
2,4-D  at  four  rates,  from  0.56  to  4.48  kg  ha"1.  Growth  stages  included 
fall,  spring  tiller,  and  late  jointing.  Significant  differences  were 
found  in  injury  ratings  among  cultivars,  especially  at  rates  beyond  0.56 
kg  ha"1.  It  was  not  reported  if  these  injury  differences  led  to 
differences  in  grain  yield. 

Two  studies  on  hard  red  winter  wheat  were  reported  in  1950.  Elder  (10) 
applied  three  rates  of  ester  and  one  rate  each  of  amine  and  sodium  salt 
of  2,4-D  to  six  cultivars.  Growth  stages  were  fall  tiller,  spring  tiller, 
boot,  and  dough.  Growth  stage  was  found  to  be  significant  for  yield, 
reportedly  because  of  the  fall  treatment.  No  significant  yield  reductions 
were  found  with  the  other  growth  stages  and  it  was  reported  that  all 
cultivars  responded  alike  for  all  treatments.  Phillips  (23)  applied  three 
formulations  of  2,4-D  at  0.84  kg  ha1  during  jointing,  boot,  and  soft 
dough  stages.  Neither  formulation  nor  growth  stage  was  significant  for 
yield  and  it  was  reported  that  all  cultivars  seemed  to  be  equally  tolerant 
of  the  chemicals  used. 

A  summarization  of  the  early  work  involving  2,4-D  tolerance  of  winter 
wheat  finds  that  significant  yield  reductions  were  consistently  found  to 
result  from  fall  applications.  Formulation  of  2,4-D  was  often  significant 
for  yield  also.  This  might  be  because  rates  used  in  these  studies, 
especially  for  the  ester  formulations,  were  often  higher  than  those 
generally    in   use    today.       Reports    on    differences    among    cultivars  in 
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response  to  2,4-D  treatments  were  inconsistent.  Where  significant 
differences  in  herbicide  effects  were  reported,  it  was  often  at  relatively 
high  rates  or  for  fall  application.  The  lack  of  tests  for  interaction  by 
most  early  researchers  detracts  from  the  relevance  of  much  of  this  work. 

Klingman  (17)  evaluated  winter  wheat  treated  with  1.12  kg  ha"1  2,4-D 
ester  at  one  fall  and  one  spring  growth  stage.  For  year  one  of  this 
study,  which  included  22  cultivars ,  yield  reductions  were  significant  at 
the  1%  level  for  the  fall  application  and  the  5%  level  for  the  spring 
application.  Cultivar  by  treatment  interaction  was  not  significant.  Year 
two  of  this  study  involved  21  cultivars ,  18  of  which  had  been  included  the 
previous  year.  Once  again,  yield  reduction  from  the  fall  application  was 
significant  at  1%,  but  the  spring  application  was  not  significantly 
different  from  the  handweeded  check  treatment.  Cultivar  by  treatment 
interaction  was  significant  for  yield,  although  Klingman  reported 
differential  responses  were  not  great.  Cultivar  height  by  treatment 
interaction  was  not  significant. 

Price  and  Klingman  (25)  applied  2,4-D  amine  at  0.56  and  2.24  kg  ha1  to 
27  winter  wheat  cultivars  at  one  fall  and  one  spring  growth  stage. 
Neither  rate  significantly  reduced  yield  at  the  spring  application.  Yield 
reductions  with  the  fall  application  were  632  kg  ha"1  at  the  low  rate  and 
1055  kg  ha"1  at  the  high  rate  when  analyzed  across  all  cultivars.  A 
significant  cultivar  by  treatment  interaction  was  found  for  both  yield  and 
height  at  maturity,  indicating  differential  responses  among  genotypes. 
The  authors  report  the  yield  differences  within  cultivars  were  most 
pronounced  with  the  0.56  kg  ha"1  rate  applied  in  the  fall.  With  this 
treatment,  yield  reductions  were  significant  for  14  of  the  27  cultivars 
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tested.  Presumably,  spring  treatments  did  not  cause  sufficient  crop 
injury  to  bring  out  differences  in  cultivar  response  and  the  fall 
treatment  at  the  high  rate  led  to  crop  injury  sufficient  to  mask  these 
genotypic  differences. 

Hodgson  et  al.  (15),  treated  22  spring  wheat  cultivars  with  2,4-D  and 
other  herbicides  at  higher  than  normal  rates  to  determine  relative 
tolerance.  Significant  differences  in  yield  response  among  cultivars  were 
reported  for  all  treatments.  Treatment  with  2,4-D  at  5.60  kg  ha"1  led  to 
yields  of  63%  to  109%  of  the  check.  The  authors  reported  the  two  soft 
white  wheats  in  the  study  were  among  the  most  susceptible  to  2,4-D  yield 
reduction. 

Poku  et  al.  (24)  applied  2,4-D  amine  at  0.84  kg  ha"1  to  five  soft  red 
winter  wheat  cultivars  at  the  fully  tillered  and  late  boot  stages.  No 
2,4-D  treatments  significantly  reduced  yield  below  untreated  checks  in  any 
of  the  cultivars. 

Oleniczak  et  al.  (21)  treated  three  soft  white  winter  and  one  soft  red 
winter  wheat  cultivars  with  2,4-D  at  three  spring  growth  stages.  They 
reported  that  two  cultivars  exhibited  significantly  greater  visual  injury 
but  this  did  not  correspond  to  yield  losses. 

Robison  and  Fenster  (26)  included  2,4-D  in  a  study  evaluating  the 
response  of  five  hard  red  winter  wheat  cultivars  to  14  herbicide 
treatments  applied  at  four  growth  stages.  Treatments  included  2,4-D  amine 
at  0.56  and  0.84  kg  ha"1,  and  2,4-D  ester  at  0.28  and  0.56  kg  ha"1.  Growth 
stages  were  fall  seedling,  spring  tiller,  boot,  and  heading.  Herbicide 
by  cultivar  interaction  was  significant  for  yield  for  this  study.  Yield 
of    the    2,4-D    amine    at    0.56    kg   ha"1      treatment   was   not  significantly 
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different  from  the  untreated  check  for  any  of  the  cultivars.  The  2,4-D 
amine  at  0.84  kg  ha"1  treatment  led  to  significant  yield  reductions  in 
three  of  the  five  cultivars.  The  2,4-D  ester  significantly  reduced  yields 
in  one  cultivar  at  the  lower  rate  and  in  four  cultivars  at  the  higher 
rate . 

This  study  included  two  dicamba  treatments,  0.14  and  0.28  kg  ha"1. 
Dicamba  significantly  reduced  yields  from  the  untreated  check  in  one 
cultivar  at  the  lower  rate  and  in  three  of  the  five  cultivars  at  the 
higher  rate.  Dicamba  applied  at  the  boot  stage  at  0.28  kg  ha"1  caused  the 
greatest  yield  reduction  of  any  treatment  in  the  trial,  approximately  50%. 

Behrens  and  Johnston  (3)  treated  nine  spring  wheats  with  0.56  kg  ha'1 
dicamba  at  the  four  leaf  stage.  Injury  ratings  were  given  but  the  authors 
state  that  injury  estimates  did  not  closely  correspond  with  yield 
reductions.  Yields  ranged  from  57%  to  101%  of  the  check,  with  no 
statistical  separations  given. 

Keys  (16)  treated  three  wheat  cultivars  with  0.28  and  0.56  kg  ha"1 
dicamba  at  the  four  to  six  leaf  stage  and  reported  yields  were  virtually 
unchanged  from  the  order  of  the  standard  performance  tests. 

The  study  by  Oleniczak  (21)  mentioned  earlier  concluded  that  the  two 
cultivars  most  susceptible  to  2,4-D  were  also  more  susceptible  to  dicamba 
injury  than  the  remaining  two  cultivars.  Dicamba  rates  used  were  0.28  and 
0.56  kg  ha"1. 

The  study  by  Hodgson  et  al.  (15)  mentioned  above  included  a  treatment 
of  dicamba  at  3.36  kg  ha"1.  Significant  differences  were  reported  in 
yield  as  percent  of  the  check  treatment,  which  varied  from  4%  to  52%. 

Little    has    been    published    on    the    effects    of    bromoxynil    on  wheat 


genotypes  and  most  reports  have  included  bromoxynil  as  part  of  a  treatment 
in  combination  with  other  active  ingredients.  Friesen  (12)  applied 
bromoxynil  +  MCPA  at  0.56  kg  ha"1  to  three  spring  wheat  cultivars  with  no 
significant  differences  in  yield.  Yield  as  percent  of  check  for  the  three 
cultivars  ranged  from  90.6%  to  93.0%.  The  Robison  and  Fenster  study  (26) 
referred  to  above  included  bromoxynil  treatments  at  0.28  and  0.56  kg  ha"1, 
and  a  bromoxynil  +  MCPA  treatment  at  0.28  +  0.28  kg  ha"1.  Bromoxynil 
alone  significantly  reduced  yield  from  the  check  in  one  cultivar  at  the 
lower  rate  and  in  two  of  the  five  cultivars  at  the  higher  rate.  There 
were  no  significant  differences  in  yield  between  the  bromoxynil  +  MCPA 
treatment  and  the  untreated  check. 

The  limited  published  reports  on  MCPA  effects  on  wheat  genotypes,  such 
as  Friesen  (12),  also  often  include  treatments  with  multiple  active 
ingredients.  Edwards  and  Miller  (8)  treated  ten  spring  wheats  with  0.28 
kg  ha"1  MCPA  +  0.14  kg  ha"1  dicamba  at  growth  stages  of  3-5  leaves  and  6- 
7  leaves.  They  reported  more  severe  injury  with  the  late  application  and 
wide  differences  in  cultivar  response.  Percent  yield  reduction  ranged 
from  4%  to  15%  at  the  early  application  and  from  5%  to  41%  at  the  later 
application.  No  statistical  separations  are  given.  The  report  by  Hodgson 
et  al.  (15)  included  a  treatment  of  MCPA  at  5.60  kg  ha"1.  Significant 
differences  in  yield  as  percent  of  check  were  reported  among  cultivars, 
although  considerable  crop  safety  was  reported  for  this  treatment.  Across 
all  cultivars,  the  treatment  averaged  97%  of  the  untreated  check  and  only 
4  of  the  22  cultivars  differed  significantly  from  the  group  with  yields 
at  the  highest  percent  of  the  check. 

Published  reports  on  the  effect  of  diclofop  on  various  wheat  genotypes 
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are  also  very  limited.  Behrens  and  Elakkad  (4)  preplant  incorporated 
diclofop  at  1.12  kg  ha"1  to  nine  spring  wheat  cultivars  and  found  no 
significant  yield  differences  between  the  diclofop  treatment  and  the 
untreated  check.  Lish  et  al .  (18)  treated  four  spring  wheat  cultivars 
with  diclofop  at  1.14  kg  ha"1  plus  three  other  treatments  and  reported 
cultivar  by  treatment  interaction  was  not  significant. 

Geddens  et  al.  (13)  reported  a  study  with  diclofop  postemergent-applied 
to  six  soft  white  winter  wheat  cultivars  and  the  effects  on  take-all 
disease.  Plots  were  not  taken  to  yield,  but  a  significant  cultivar  by 
herbicide  treatment  by  disease  interaction  was  reported  for  fresh  weight. 
Two  of  the  cultivars  were  found  to  have  substantially  reduced  fresh 
weights  when  diclofop  was  applied  in  the  absence  of  disease.  In  the 
presence  of  take-all,  however,  diclofop  treatment  led  to  fresh  weights 
greater  than  the  no  herbicide  treatment.  No  explanation  was  given  for 
this  effect. 

In  contrast,  genotypic  differences  in  wheat  response  to  triallate  have 
been  relatively  well  documented.  Stewart  and  Keener  (31)  treated  seven 
spring  wheat  cultivars  with  preplant  incorporated  triallate  at  multiple 
rates.  They  reported  plant  populations  were  reduced  significantly  as 
triallate  rate  increased  and  significant  population  differences  among 
cultivars  were  found.  Significant  differences  in  yield  were  reported 
among  cultivars  due  to  the  rate  of  triallate.  All  triallate  treatments 
yielded  significantly  less  than  the  check  and  the  high  triallate  rate 
yielded  significantly  less  than  lower  rates. 

Schaat  and  Thill  (28)  examined  nine  spring  wheat  cultivars  in  the 
greenhouse    which     they    said    showed    differential     susceptibility  to 
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triallate.  Four  of  these  cultivars  were  then  used  in  a  field  experiment 
which  included  two  planting  depths,  three  planting  dates,  and  three 
triallate  rates.  A  significant  cultivar  by  rate  by  planting  depth 
interaction  was  reported  for  yield. 

Miller  and  Nalewaja  (19)  preplant  incorporated  triallate  at  1.12  kg 
ha"1  to  five  spring  wheat  cultivars  and  reported  yield  reduction  from  1% 
to  23%  with  no  statistical  separations  given. 

Fay  and  Davis  (11)  examined  a  single  cultivar  treated  with  preplant 
incorporated  triallate  at  1.40  kg  ha"1  at  three  seeding  rates  and  two 
seeding  depths.  They  determined  triallate  reduced  yield  and  there  was  no 
relationship  between  seeding  depth  and  crop  safety.  They  concluded  that 
increased  seeding  rate  caused  a  trend  toward  increased  yield  but  the 
surviving  plants  were  not  able  to  compensate  completely  for  the  triallate 
damage . 

Differential  susceptibility  to  metribuzin  has  been  established  to  the 
extent  that  herbicide  labels  restricting  its  use  to  specific  cultivars  are 
in  effect.  Runyan  et  al.  (27)  examined  15  hard  red  winter  wheat  cultivars 
treated  with  several  metribuzin  rates  at  13  sites  in  Oklahoma. 
Differences  in  cultivar  response  were  reported  at  nine  of  the  13  sites, 
with  results  depending  on  precipitation  and  soil  moisture.  Greenhouse 
studies  were  combined  with  field  data  to  conclude  that  significant 
differences  in  metribuzin  tolerance  exist  in  current  wheat  cultivars. 

Apley  (2)  examined  69  hard  red  and  two  soft  red  winter  wheat  cultivars 
for  response  to  0.60  kg  ha"1  metribuzin  applied  postemergent .  Chlorosis 
and  stand  reduction  ratings  were  taken  for  one  to  three  years,  varying 
with  the  cultivar.     Based  on  these  ratings,  cultivars  were  classified  as 
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either  susceptible,  moderately  susceptible,  moderately  tolerant,  or 
tolerant  to  metribuzin.  Sixteen  of  the  71  cultivars  classified  (22.5%) 
were  identified  as  susceptible  or  moderately  susceptible. 

Wicks  et  al.  (33)  treated  16  hard  red  winter  wheat  cultivars  with  0.3 
kg  ha"1  metribuzin  for  two  years.  Grain  yields  were  not  significantly 
different  from  untreated  checks  for  any  cultivar  either  year.  Wicks  and 
Nordquist  (32)  reported  that  injury  and  yield  reduction  from  a  spring- 
applied  metribuzin  +  pendimethalin  treatment  might  be  related  to  winter 
hardiness . 

Anderson  (1)  reported  that  0.36  kg  ha"1  metribuzin  significantly  reduced 
yield  of  'Vona'  hard  red  winter  wheat,  which  had  been  classified  as 
susceptible  by  both  Runyan  and  Apley.  In  addition,  the  study  found  this 
metribuzin  treatment  applied  with  35  or  70  g  ha"1  chlorsulfuron 
significantly  outyielded  the  metribuzin  treatment  applied  alone  or  with 
chlorsulfuron  at  18  g  ha"1,  although  there  was  still  a  significant  yield 
reduction  from  the  no  treatment.  Anderson  concluded  this  was  a 
significant  antagonistic  effect  as  chlorsulfuron  at  the  higher  rates 
diminished  metribuzin  crop  injury  to  Vona  wheat. 

SMY  1500  is  an  experimental  compound  being  developed  by  Mobay  Chemical 
Company  for  use  as  a  herbicide  in  winter  wheat.  Chemically  similar  to 
metribuzin,  it  is  not  surprising  that  differential  susceptibility  has  been 
established  for  SMY  1500.  Colgan  et  al .  (7)  reported  that  studies  by 
Mobay  in  Texas,  Oklahoma,  Kansas,  and  Nebraska  involving  several  rates  of 
SMY  1500  under  varying  conditions  led  to  classification  of  cultivars  as 
tolerant  or  susceptible.  Of  77  cultivars  classified,  13  (16.9%)  were 
listed  as  susceptible. 
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Apley  (2)  classified  the  same  71  cultivars  of  the  metribuzin  study 
mentioned  above  for  SMY  1500  tolerance  and  listed  11  of  the  71  (15.5%)  as 
susceptible  or  moderately  susceptible. 

Published  reports  on  chlorsulfuron  response  to  wheat  genotypes  have 
generally  reported  a  wide  safety  margin  at  current  use  rates.  Hageman  and 
Behrens  (14)  applied  chlorsulfuron  preemergent  and  postemergent  to  four 
spring  wheat  cultivars  at  rates  up  to  0.25  kg  ha"1  and  reported  no 
significant  yield  reductions  and  no  significant  differences  among 
cultivars.  They  conclude  that  differential  cultivar  response  does  not 
appear  to  be  a  problem  as  these  rates  are  approximately  eight  times  normal 
field  use  rates.  Brewster  and  Appleby  (5)  treated  a  single  wheat  cultivar 
with  chlorsulfuron  at  various  rates  to  determine  crop  tolerance.  They 
report  a  significant  yield  reduction  at  0.28  kg  ha"1  but  not  at  0.56  kg 
ha"1,  which  they  describe  as  21  times  the  highest  labelled  rate. 

Wicks  et  al  (33)  applied  chlorsulfuron  at  0.07  kg  ha"1  (approximately 
eight  times  label  rate)  to  13  hard  red  winter  wheat  cultivars.  Yields 
were  significantly  reduced  from  untreated  checks  in  three  of  the  13 
cultivars.  Anderson  (1)  applied  chlorsulfuron  at  0.18,  0.35,  and  0.70  kg 
ha"1  to  two  hard  red  winter  wheat  cultivars.  For  one  cultivar,  yields  were 
significantly  reduced  from  the  control  at  the  two  higher  rates,  but  not 
at  the  lowest  rates.  The  other  cultivar  showed  no  yield  reduction  from 
chlorsulfuron  treatment. 
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Field  studies  were  completed  at  Manhattan,  Kansas,  in  1987-88  and  1988- 
89  to  determine  the  response  of  hard  white  winter  wheat  genotypes  to 
treatment  with  herbicides.  Four  genetically  diverse  hard  white  wheats 
(KS84HW196,  Rio  Blanco,  KS73256,  and  White  Chief)  and  two  hard  red  wheats 
(Arkan  and  TAM  108)  were  treated  with  nine  herbicides  at  the  recommended 
rates  and  growth  stages.  Treatments  were  2,4-D  ester,  bromoxynil, 
chlorsulfuron,  dicamba,  diclofop,  MCPA,  metribuzin,  SMY  1500,  triallate, 
and  no  herbicide.  Grain  yield,  moisture  content,  and  test  weight  were  not 
significant  for  herbicide  treatment  or  genotype  by  treatment  interaction 
either  year.  The  only  significant  effect  on  yield  components  year  one  was 
a  reduction  in  kernels  per  spike  in  chlorsulfuron,  dicamba,  metribuzin, 
diclofop,  and  no  treatment  plots,  which  could  result  from  herbicide  injury 
directly  or  spike  density.  Spikes  per  meter  was  marginally  significant 
for  treatment  year  two  as  dicamba,  metribuzin,  bromoxynil,  and  2,4-D 
reduced  spike  density.  Grain  per  spike  was  marginally  significant  for 
treatment  main  effect  and  genotype  interaction  year  two.  Chlorsulfuron, 
bromoxynil,  and  diclofop  reduced  grain  yield  per  spike,  although  this 
could  have  been  a  response  to  spike  density  as  well.  The  genotype  by 
treatment  interaction  effect  did  not  appear  to  be  related  to  color.  The 
difference  in  the  expression  of  herbicide  treatment  on  yield  components 
may  have  been  related  to  weather  differences  the  two  years.  The  plot  area 
received  just  over  one-half  of  normal  precipitation  for  the  wheat  growing 
season  year  two.  This  drought  stress  likely  affected  the  plants  ability 
to  compensate  for  any  herbicide  injury.  Overall,  no  particular  herbicide 
sensitivity  was  identified  in  hard  white  winter  wheat  and  incongruous 
growing  conditions  likely  led  to  differences  in  the  expression  of 
herbicide  effect  on  yield  components  the  two  years. 


